INTRODUCTION
The Cagayan Ridge divides the Sulu Sea into two basins. The 1500-2000 m deep northwest basin is underlain by a several kilometer thick layer of partly deformed sediments. In the 4000-5000 m deep southeast basin the assumed oceanic basement is covered by sediments only 1 km thick (Murauchi et al., 1973; Mascle and Biscarrat, 1978; Rangin, 1989; Hinz et al., this volume) . The northeastern part of the Cagayan Ridge faces the steep slope of the accretionary wedge of the subduction zone extending along the eastern rim of the southeast basin (Figs. 1 and 2). The northern section of the ridge is capped by numerous reef islands, where 400-m-thick reef deposits were drilled at the Tubbataha Island. The central and southern part of the ridge is not as pronounced because some broad seamounts lie along the eastern side of the ridge.
Several hypotheses have been published explaining the origin of the Cagayan Ridge and the two basins of the Sulu Sea. According to Holloway (1981) the southeast basin of the Sulu Sea originated in back-arc spreading coincident in part with the opening of the South China Sea. In this model, the Cagayan Ridge formed in the Oligocene to mid-Miocene as a volcanic arc southeast of the accretionary wedge of Palawan.
Alternatively, the northward subduction of the Celebes Sea under the Sulu Archipelago is thought to have induced back-arc spreading forming the Sulu Sea (Hamilton, 1979; Mitchell et al., 1986; Rangin, 1989) . The Cagayan Ridge originated in the Oligocene/early Miocene as a related volcanic arc along the southern margin of a fragment of the proto-China mainland. Lee and McCabe (1986) and others suggest entrapped Eocene oceanic basement as the origin of the southeast basin.
So far only one sample from the Cagayan Ridge was available, consisting of andesitic basalt with a K/Ar age of 14.7 ± 0.6 Ma (Kudrass et al., 1986) . In this paper we describe dredge samples from the Cagayan Ridge and the southeast Sulu Basin obtained during two pre-site cruises with the Sonne (1987, 1988) (Table 1) .
Dredge hauls were performed and sampling sites were determined as described by Kudrass (1986) . Prospective sites were chosen along seismic records (Hinz et al., this volume) where basement outcrops were indicated, or on nearby steep slopes. Recovery ranges between some chips of rocks to 500 kg. In one case, basement could be sampled by piston coring when two pebbles at the base of a slump deposit were recovered.
VOLCANIC ROCKS
Volcanic rocks were recovered from 12 sites on the Cagayan Ridge and from two seamounts in the southeast basin of the Sulu Sea. The rocks were analyzed by petrographic, geochemical, and K-Ar methods.
According to their chemical composition the volcanic rocks can be classified as basalt, basaltic andesite, andesite, and dacite (Table 2, Fig. 3 ). Basalt was recovered from two seamounts in the southeast basin ( Fig. 1 ): SO58-65 near ODP Site 769 and SO58-90 near Site 768. At the southern end of the Cagayan Ridge, near Maeander Reef, samples of basaltic andesite were dredged (SO23-15) or cored (SO49-96) as phosphatized pebbles from a slump deposit. Volcanic rocks from the northern end of the Cagayan Ridge (Fig. 2) are richer in silica and range from basaltic andesite to dacite (Fig. 3) . Within this small sub-area, the composition varies independently of water depth or the position of the sample along the ridge.
In general, the basalts of the seamounts have a tholeiitic composition, whereas the other volcanic rocks from the Cagayan Ridge are predominantly calc-alkaline (Fig. 4) .
Except for some volcanic sandstone and tuff, the volcanic rocks consist of mostly vesicular, phorphyritic rock commonly bearing phenocrysts of plagioclase, clinopyroxene, and some orthopyroxene (Table 3) . Altered olivine occurs in the basalt of the seamounts and in the basaltic andesite from the southern end of the Cagayan Ridge. Phenocrysts of plagioclase up to 2 cm in length are present in each rock type, quite often including some glass aligned parallel to the zonal texture (Fig. 5) . The plagioclase of the basaltic andesite of SO58-55-3 is especially rich in glassy inclusions that contain small bubbles of fluid and gas (Fig. 5) .
The groundmass usually contains fine to microcrystalline laths of plagioclase and sometimes clinopyroxene. In some samples, light brown to light-colored glass is present. As a main component, glass occurs in the dacitic pumice (SO58-43-3) and is partly devitrified in smectitic sphaerolites (SO58-47-1).
The massive dacite (SO49-59) contains numerous large amphiboles of ferrian tschermakitic hornblende (after Leake, 1978 and Rock and Leake, 1984; Fig. 6 ; for chemical composition see Table 2 ), which are surrounded by a thin layer of opaque grains, except at the contact of the amphiboles with the labradorite phenocrysts (for chemical composition see Table 2 ). The unusual occurrence of this amphibole, which otherwise occurs in mesozonal metamorphic rocks, may be explained either by a resorption of an amphibolite by a dacitic lava or by a volcanogenie mobilization of amphibole-bearing metamorphic rocks. The divergent K-Ar data of the amphibole (Table 4 ) also prove its xenolithic character.
GEOCHEMISTRY
The geochemical composition of the various volcanic rocks was used to characterize their volcano-tectonic origin.
As the samples have been obtained from outcrops, which were exposed for long periods to seawater, diagenetic alteration may have changed their composition. However, the petrographic analysis and the relative low concentration of LOI (mostly 2-4%, Table 2) indicate that a severe alteration is limited to some samples only, which were excluded from the discussion. Another limitation is the X-ray fluorescence detection limit of about 5 to 15 ppm for rare-earth elements and some other trace elements. The distribution of trace elements in the basalt samples from the two seamounts (SO58-65, -90, Fig. 7 ) is typical for transitional mid-ocean ridge basalt (E-MORB) after Pearce (1982) . The great deviation of P in the samples of SO58-65 is presumably caused by a diagenetic phosphatization during the longterm exposure to seawater. The high variability of P 2 0 5 from 0.7 to 2.6 wt %, which correlates with an increase of CaO from 9.2 to 12.3 wt %, indicates this alteration. Two pebbles from the Maeander Reef (SO49-96) were also phosphatized (P 2 O 5 = 6.06 wt °7o). An 8-cm-thick manganese crust covering the outcrops of basalt of sample SO58-90 may have prevented this alteration (P 2 0 5 -concentration 0.31 wt %). The SO58-90 deficit of Cr with respect to E-MORB is presumably caused by early magmatic differentiation.
The intermediate and acid volcanic rocks from the Cagayan Ridge itself are difficult to interpret, as their original composition, indicative of their volcano-tectonic environment, is masked by fractional crystallisation and contamination. The basaltic andesite dredged from the Maeander Reef (SO23-15) fits to calcalkaline volcanic-arc basalts (Fig. 7) ; the rest of the higher differentiated rocks from the northern end of the Cagayan Ridge cannot be classified. Typically these volcanic rocks are extremely low in Nb and Cr, usually below detection limits, poor in TiO 2 (0.7-0.4 wt °7o) and Ni (usually below 40 ppm).
K-Ar DATA K-Ar data were obtained from andesite (SO49-55) and dacite (SO49-59) samples dredged from the northern end of the Cagayan Ridge (Table 4 , Fig. 2 ). In SO49-55 three varieties of andesite and in SO49-59 two varieties of dacite were investigated. Plagioclase (pi), amphibole (am), and rough-ground whole-rock (wr) were analyzed in different grain-size fractions, as well as one magnetic fraction (mf) of whole rock.
Usually, the relative standard deviations of the determinations of radiogenic argon and potassium are less than 1%. But in the present case, the large scatter of the K-Ar dates and the differences between the dates for different-size fractions of the same material suggest the presence of inhomogeneous material. Indeed, three duplicate analyses yielded differences in radiogenic argon of two to four times the possible analytical uncer-Dredge SO 58 Dredge SO 49 Depth contour (m) tainty. We therefore calculate the error of the K-Ar date with an uncertainty of the radiogenic argon arbitrarily enhanced by a factor of four. The only exceptions are the plagioclase dates for Samples SO49-55-3 and SO49-55-9, which have already large analytical uncertainties because of the relatively low concentrations of radiogenic argon. The amiphibole (ferrian tschermakitic hornblende) in SO49-55 exhibits the widest range in K-Ar dates (36-158 Ma). Accord- ing to the petrographic analysis, this mineral is atypical for volcanites and may be derived as xenocrysts from a metamorphic rock. Apparently the transfer of the amphibole did not reset the K-Ar clock of the mineral, or the excess Ar from the metamorphic rock was not released. In any case, the old dates of the amphibole suggest the inheritance of argon from an older metamorphic rock. The dates of the phenocrysts of plagioclase in SO49-59 have a smaller range (22 to 26 Ma), with the better-preserved plagioclase of SO49-59-7 yielding the younger dates. The dates for whole-rock fractions lie between the dates of the amphibole and the plagioclase in Sample SO49-59-1, but are comparable or even younger than those of the plagioclase in Sample SO49-59-7.
In the dilemma of proved excess argon and possible losses of argon from the plagioclase and even more from the whole-rock fractions, the youngest dates of SO49-59 (i.e., 22-26 Ma) provide only doubtful limits for the time of volcanic activity at the northernmost position of the Cagayan Ridge.
The K-Ar dates of SO49-55 are generally younger than those of SO49-59, but they also show a wide range (11 to 20 Ma) and a significant scatter for different fractions of the same sample. We have no certain criteria for the reliability of the different results. If the single date of the magnetic fraction is not considered, we have a cluster of two whole-rock samples, one plagioclase date around 15 Ma, and a single one at about 11 Ma that might indicate the time of volcanic activity at the northern end of the Cagayan Ridge. The K-Ar date of 14.7 ± 0.6 Ma for a basaltic andesite (Kudrass et al., 1986: SO23-15 ) suggests a similar time of volcanic activity at the southern end of the Cagayan Ridge. The deposition of the early to early middle Miocene shallow-water carbonates (see below) could be associated with this volcanic activity.
SHALLOW-WATER CARBONATES
At the northern end of the Cagayan Ridge, shallow-water carbonates were dredged at four localities with water depth ranging from 3800 to 1600 m (Fig. 2) . The carbonates that consist of algal packstone, biomicrite or foraminifer sandstone contain shallow-water faunal assemblages of larger foraminifers (Lepidocyclina, Cycloclypeus, Table 5 ). The larger foraminifers that are frequently reworked indicate, at least for the Lepidocyclina species, an early Miocene to early middle Miocene age. The planktonic foraminifers from the younger sediments are of late Miocene (SO58-43) or of probable early Pliocene age (SO49-57).
The occurrence of early Miocene to early middle Miocene shallow-water carbonates, even when they are reworked into younger sediments, indicates that the Cagayan Ridge existed as a shallow area of presumably volcanic islands at that time. Early to middle Miocene carbonates were also dredged near the reef islands of the central Cagayan Ridge (Kudrass, 1987) .
SUMMARY
The tholeiitic basalt samples dredged from two seamounts near ODP Sites 768 and 769 have a trace-element distribution comparable to transitional mid-ocean ridge basalts (after Pearce, 1982) . The volcanic rocks obtained from the Cagayan Ridge on which Site 769 was drilled are richer in silica and range from basaltic andesite to dacite. Most of the rocks belong to the calc-alkaline series, possibly indicating that the Cagayan Ridge Figure 4 . Classification of volcanic rocks from the two southeast Sulu Basin seamounts and the Cagayan Ridge. Separating line between tholeiitic (upper part) and calk-alkaline basalts is after Irvine and Baragar (1971) .
originated as a volcanic arc. The K-Ar dates of basaltic rocks and sites from the northern end of the Cagayan Ridge are inconsistent but suggest that the volcanic activity occurred in a period between 10 to 20 Ma. At approximately the same time, shallow-water carbonates of early to early middle Miocene age were deposited on the slopes of presumably volcanic seamounts or islands in the central and northern Cagayan Ridge. Dacites from the northernmost Cagayan Ridge (SO48-59) bear xenocrysts of possible metamorphic origin, which obviously contain excess argon. 
